The sensitivity of combined headspace gas chromatography (HSGC) and mass spectrometry (MS) for a stimulant (methamphetamine) and its urinary metabolite (amphetamine) was investigated. The analytical methods consisted of a combination of (1) HSGC and electron impact (EI)-MS, (2) HSGC, on-column trifluoroacetyl (TFA) derivatization of stimulants and El-MS and (3) HSGC and chemical ionization (CI)-MS using isobutane as a reagent gas. The combination of HSGC and El-MS after on-line TFA-derivatization of stimulants (2) was the most informative method in these three procedure, but HSGC/ CI-MS (3) was the most sensitive method. Detection limits of methamphetamine (MA) and amphetamine (AP) in urine by HSGC/ CI-MS were found to be about 10 ng/ ml (S/ 1V>l0) by monitoring quasimolecular ions of these compounds; m/z 150 and 136 observed on their mass spectra, respectively. Furthermore, the most sensitive CI-MS method was applied to quantivative analysis of these drugs excreted in urine by the selected ion monitoring (HSGC/ CI-SIM).
Drug abuse is a serious social problem in Japan, and the major abused drug is methamphetamine (MA). The clarification of usage of this drug involves extraction of the drug and amphetamine (AP), one of its major metabolites, from the suspects' urine with several organic solvents', and the analysis of the extracts with thin-layer chromatography, gas chromatography (GC), and infrared spectrometry or mass spectrometry (MS). [2] [3] [4] [5] [6] [7] [8] [9] The automated analyses of these compounds in urine with headspace gas extraction and the combination with gas chromatograph were reported previously.'°- '2 In this paper, a more accurate identification for those compounds in urine was investigated using the combination of headspace extraction device and gas chromatograph/ mass spectrometer.
The analytical procedures of MS used here are a combination of headspace gas chromatography (HSGC) and (1) electron impact ionization (EI)-MS, (2) on-line column trifluoroacetyl (TFA)-derivatization of these compounds and EI-MS, and (3) chemical-ionization using isobutane as a reagent gas (CI-MS).
Furthermore, quantitative analysis of MA and AP in urine was performed by HSGC/ CI-selected ion monitoring (HSGC/ CI-SIM).
Experimental

Chemicals
MA hydrochloride was purchased from Dainippon Pharmaceutical Co. Ltd. (Osaka, Japan) and AP sulfate from Takeda Chemical Industries Co. Ltd (Osaka, Japan). Ephedrine hydrochloride, methylephedrine hydrochloride and N-methyl-bis-trifluoroacetamine (MBTFA) were obtained from Alps Industries Co. Ltd. (Osaka, Japan), Kansai Pharmaceuticals Inc. (Osaka, Japan) and Wako Pure Chemicals Inc. (Osaka, Japan), respectively. Other reagents were of special grade.
Equipment
The GC/ MS system was a Shimadzu GCMS-QP 1000A equipped with an SPL-G9 split/ splitless sample injector and HSS-2A automated headspace gas sampler (Shimadzu Co., Kyoto, Japan).
The GC column was a fused silica capillary column DB-17, 30 mX0.32 mm i.d., 0.5 µm film thickness (J&W Scientific, USA). The column oven and injector temperatures were set at 130° C and 280° C, respectively. The carrier gas was helium (0.8 kg/ cm2). The separator and ion source temperature were set at 280° C and at 250° C, SCIENCES FEBRUARY 1991, VOL. 7 respectively. In the El analysis, the ionization voltage and ionization current were 70 eV and 60 RA. CI analysis was conducted with the ionization voltage at 200 eV and the ionization current at 100 µA. Isobutane was used as a reagent gas. The automated headspace gas collection and injection to the apparatus were the same as those of our previous report.'°-'2
Headspace gas extraction and analytical procedure Five milliliters of urine sample and 3.5 g of potassium carbonate were put in a vial, which was sealed immediately. Gas-liquid equilibrium was established during 20 min incubation at 80°C: 0.8 ml of the headspace gas was injected into the GC/ MS system by a gas tight syringe. MS was performed using one of the following three methods: (1) Quantitative analysis of methamphetamine and amphetamine in urine by selected ion monitoring
The application of this HSGC/ CI-SIM was also investigated for the determination of these compounds in urine samples. HSGC/ CI-SIM was conducted with the monitoring of the ions at m/z 136 and 150, the quasimolecular ions of AP and MA. Detection limits of these compounds were decided over S/N=10 in each selected ion monitoring.
Removing contamination
Contamination of the gas-tight syringe due to the previous sample, which is often a problem, could be completely prevented by washing the syringe 5 times with water and drying by pumping for 15 times with dry air.
Results and Discussion
With HSGC/EI-MS (1), AP and MA had their retention times at 3.36 min and 4.06 min on the total ion chromatogram (TIC), and were separated clearly. In their mass spectra (Fig. 1) , molecular ion peaks were not observed for either compounds; the base ion peaks were at m/z 44 [3HC-CH=NH2] and 58 [3HC-CH=NH-CH3]; these fragment ions were caused by the f3-cleavage.
In HSGC/on-column TFA derivatization El-MS (2), AP and MA showed their retention times at 6.0 min and 6.8 min on TIC. In the mass spectra of these compounds (Fig. 2) , quasimolecular ion peaks were not observed, and the base ion peaks were at m/z 140 [3HC-CH=NH-TFA] and 154 [3HC-CH-N(TFA)CH3], formed by $-cleavage of AP and MA, respectively. Other diagnostic ions were at m/z 118 and 91 , caused by C-N cleavage of both compounds. In the mass spectra of MA, the ions at m/z 110 [3HC-N=C-CF3] was also observed. The mass spectra of AP and MA with HSGC/ CI-MS gave only quasimolecular ion peaks at m/z 136 and 150, respectively, as shown in Fig. 3 . Detection limits with these three methods are summarized in Table 1 .
These data indicate that HSGC/ CI-MS (3) is the most sensitive method shown on Table 1 . However, HSGC/ on-column TFA-derivatization El-MS (2) is the most informative for structural information. As sometimes urine samples containing quite low amounts of MA and AP needed to be analyzed, the following quantitative analysis of these compounds in urine was conducted with HSGC/ CI-SIM.
Calibration graphs of MA and AP were prepared by HSGC/ CI-SIM. MA and AP were added to the urine collected from a drug-free person (control urine) to give a concentration range of 0.0001-100 µg/ ml (standard urine). As shown in Fig. 4 , the calibration curves of MA and AP were linear up to 10.0 µg/ ml, and the detection limits of these two drugs were 0.1 ng/ ml. The relative standard deviation for 11 repeated analyses of 1 µg/ ml standard samples were 4.6% for MA and 4.8% for AP. Urine sample of habitual users of MA were analyzed and the concentrations of MA and its major metabolite AP were determined by the HSGC/ CI-SIM procedure.
As shown in Fig. 5 , no interfering peak was observed near the retention times of peaks of AP (tR=3.36 min) and MA (tR=4.06 min) in the selected ion monitoring of the urine sample.
Urine samples allowed to stand at room temperature for one week were also analyzed by the procedure mentioned above; no peaks were observed near the retention times of the target compounds.
Nine urine samples of MA addicts were analyzed; concentrations of MA and AP were determined by HSGC/ CI-SIM. The values for MA and AP were shown in Table 2 .
Combining headspace autosampler and mass spectrometer on on-line bases provides a completely automated analysis system for the analysis of stimulants in urine, and HSGC/ CI-SIM makes it possible to determine low concentrations of these drugs in urine. TIC, total ion chromatogram. Table 2 Determination of methamphetamine and amphetamine in urine by selected ion monitoring
